Water extractable organic carbon (WEOC) and nitrogen (WEON) are two key parameters of soil water extractable organic matter (WEOM). Proper management of manure application rate in combination with tillage and cropping management could maintain appropriate WEOC and WEON concentrations in soils while decreasing the risk of their runoff from cropland and pastures. The objective of this research was to determine the effect of poultry litter (PL) application on WEOC and WEON in soils under different crops, tillage regimes, and grazing strategies. From 2001 to 2012, PL was applied at multiple rates to cultivated fields in a corn-oat/wheat-hay rotation or to pastures grazed by cattle or ungrazed. Soil samples (0 -15 cm) were analyzed for KCl-extractable mineral N, and WEOC, and WEON contents. In addition, Ultraviolet-visible (UV-vis) and fluorescence spectroscopies were used to characterize WEOC stability. Organic N levels were higher at the high PL application rates. The soil C:N ratio narrowed as the PL application rate increased. However, the soil from pastures which received PL tended to have a wider range of C:N ratios than soil from the cultivated fields, despite identical PL application rates. The spectral analyses indicated that WEOC properties were responsive to management and PL application rate; therefore, this parameter may be used as a guide to provide best management strategy for manure application.
Introduction
Animal manure contains essential plant nutrients and functional organic matter components. When used properly, recycling manure as a soil amendment enhances soil fertility, promotes crop growth, and reduces on-farm costs for chemical fertilizer [1] . On the other hand, improper management of manure can result in nutrient runoff from fertilized crop land and pastures, resulting in eutrophication of lakes, rivers and other surface waters [2] . It is crucial for livestock managers and crop producers to obtain a sustainable balance between beneficial manure use/recycling and negative environmental consequences [3] . Understanding long-term effects of manure application on soil water extractable organic matter (WEOM) components in soils is one of the important steps towards achieving this balance.
The majority of poultry (i.e., chickens, turkeys, ducks) reared in the US for meat and eggs are housed in high-capacity, concentrated animal feeding operations (CAFO). All livestock CAFO generate large quantities of manure, which is typically applied to nearby crop or pasturelands as a means of disposal or as local crop fertilizer: the cost of long-distance manure transport is generally not economically viable. In 2015, 164 × 10 3 Mg of poultry manure was produced in the US [3] . Poultry manure is comprised of feces, uric acid and urine, which are excreted simultaneously. In most instances, manure from poultry operations is in the form of poultry litter (PL), which is manure mixed with bedding material or litter (wood shavings or sawdust) and feathers. Both poultry manure and PL are rich in plant nutrients, including nitrogen (N) and phosphorus (P). With increasing costs of inorganic fertilizers, as well as a push for organic and sustainable agricultural systems, PL is starting to be more frequently transported further from CAFO for use as fertilizer for crops, forage, and pastures [4] [5] [6] . Research [7] [8] [9] showed that inorganic N and P can run off from both cropland and pasture after PL application. While numerous studies have focused on runoff N and P from manure, less attention has been paid to how manure impacts WEOC and WEON in soil which are two key WEOM components [10] [11] [12] [13] [14] . Soil organic matter (SOM) plays an important role in soil quality and nutrient cycling [15] . Soil WEOM is an active, mobile and complex fraction of SOM and is sensitive to land use and management practices [16] [17] [18] . In addition, soil WEOM can contribute significant amounts of dissolved organic C and N to surface waters [19] [20] . In recent years, ultraviolet-visible (UV-vis) and fluorescence spectroscopies have been used to characterize WEOM in soil, manure and other environmental samples [11] [21] [22] [23] . These two spectroscopic me-thods for WEOM studies are advantageous because of high sensitivity, relatively simple ease of operation, and the broader instrument availability, compared to some other more sophistic spectroscopic technologies. Waldrip et al. [24] used UV-vis analysis to study WEOM in beef feed yard manure samples, where large differences in molecular weight, lignin content, and proportion of humified organic matter between manures from different sources were found. Mouloubou et al. [25] used spectroscopic techniques to investigate changes of WEOM and pyrophosphate-extracted organic matter (OM) after annual compost amendment. In this study, rapid quantitative and qualitative changes were noted in both WEOM and pyrophosphate-extractable OM after compost application, primarily during the first 3 months after application. Zeng et al. [26] used fluorescence excitation-emission matrix (EEM) spectroscopy, coupled with parallel factor analysis (PARAFAC), and revealed that WEOM in swine wastewater after anaerobic digestion was primarily comprised of tryptophan-like, humic acid-like, and fulvic acid-like substances.
In 2000, a comprehensive, long-term watershed-scale (1.2 to 8.4 ha) study was initiated at the USDA-ARS research site at the Grassland Soil and Water Research Laboratory near Riesel, TX, USA (31.47˚N, 96.93˚W) to evaluate the economic, agronomic, and environmental effects of PL application on a calcareous Texas Houston Black clay soil (~17% calcium carbonate (CaCO 3 )) [7] [9]
[27]. Haney et al. [28] compared soils from the Riesel study to soils collected from agricultural fields in Idaho, Georgia, Maine, Mississippi Oklahoma, Texas, and Wyoming to understand the relationship between soil organic C:N and WEOC:WEON. They concluded that the WEOC:WEON ratio was a more sensitive measurement than total C:N because of the direct influence of soluble C and N on microbial metabolism. Thus, to increase the knowledge of forms and availability of soluble C and N in PL-amended soils, we characterized WEOC with UV-vis spectroscopy and fluorescence EEM spectroscopy. The objectives of this research were to determine the 1) impact of rate of PL application on soil WEOC and WEON concentrations; 2) effects of management practices on soil WEOC and WEON concentrations; and 3) UV-Vis and fluorescence spectral features of soil WEOM as affected by PL application and management practices. ) component. Detailed information for the fields can be found in publications by Harmel et al. [7] [27] . A brief summary is listed in PL was applied using "real world" practices, where desired rate was met according to truck speed, gear, and rear gate settings. The PL, a mixture of manure and bedding (either wood shavings or rice hulls), was obtained from the cleanout (either complete cleanout for multiple flocks or "cake out" from a single flock) of turkey and broiler houses near the study site. Litter samples were collected annually prior to soil application. Soil at the site is dominated by a Houston Black clay soil (typical Vertisol). Soil samples were taken annually during winter to a depth of 15 cm. A random sampling strategy was employed that was stratified to ensure that samples were collected from the top, middle, and lower portions of each watershed at a frequency of at least one core per 0.4 ha. The soil cores were combined to create one composite sample per watershed. This composite field sampling enables a substantial saving in total cost in many soil investigations, and could be applied under certain conditions [29] . The strategy has been used in estimations of PL amendment effects on average changes in the soil P chemical distribution, without increasing the time and cost of analyses, of the soil samples used for this study [9] .
Materials and Methods

Management Practices and Sample Collection
WEOM Extraction and Analysis
The water content of the stored soil samples was determined at 105˚C for calculation of nutrients and C on a soil mass basis. Soils were extracted with deio- Water extractable organic C (WEOC) and total N (WETN) in the extracts were determined using Shimadzu TOC-V Organic Carbon and Total Nitrogen Analyzer (Shimadzu Scientific Instruments, Inc., Columbia, MD) according to the method of Haney et al. [28] . Preliminary studies indicated that insignificant concentrations of inorganic C (CaCO 3 ) were present in the WEOM from the experimental soils. Thus, for the current study, total C concentration of WEOM measured with the Shimadzu instrument was assumed to be representative of WEOC. Concentrations of WEON in the WEOM were derived by subtracting mineral N (i.e., ammonium/ammonia and nitrate/nitrite) from the total N measured in the WEOM according to Zhang et al. [10] .
Spectroscopic Analysis
The WEOM samples were diluted for UV-vis and fluorescence spectroscopic measurements as described previously [20] [30] . For UV-vis spectroscopy, the absorbance of the solution from 200 to 700 nm was measured using a 10-mm 
Data Analysis
Analysis of variance (ANOVA) was conducted to determine the effects of PL application and management practices on mineral N as NO 3 -N and NH 4 -N and on WEOM properties including WEOC and WEON along with properties measured with UV-vis and fluorescence spectroscopies. Analyses were conducted with a P value ≤ 0.05 using SYSTAT ® Version 13.0 (San Jose, CA).
Results and Discussion
WEOC and WEON Concentrations in Soil after Long-Term PL Application
The soil WEOC and WEON concentrations varied from year to year, indicating dynamics of labile soil C ( Figure 1 ) and N ( Figure 2 ) and the spatial variability of these properties. The variation reflects the instability (in other words, lability) of the soil WEOM. This effect was previously found in soils that received manure amendment [31] . In the current study, PL application increased the WEOC levels in the five cultivated soils (Y13, Y10, W12, W13, Y8), compared to the no PL control (Y6) in the corresponding year. However, PL application did not impact WEOC level in the pasture soils (SW17, W10, and Y14), compared to . In addition, continuous application < 9
Mg·ha −1 could also result in increase of WEON (Figure 2 ).
For further analysis of these data, average and standard deviation were calculated using sampling years as replicates to reflect the variations of the relevant C and N parameters over sampling impacted by PL application rates. In the cultivated fields, soil NO 3 -N concentrations increased with PL application rate ( ). The C:N ratios for WEOM, on the other hand, were narrow in watersheds that received the high PL rate, as compared to low PL rate treatments.
All soil samples were taken in the winter; thus, high NO 3 -N concentrations could be the result of mineralization of soluble organic N from the PL after the end of the growing season. Thus, this could represent a source of residual N for next-season planting unless leached prior to planting. In the previous study from the same research site, Harmel et al. [7] reported lower NO 3 -N runoff from the Table 2 . Average mineral N, soil water soluble organic C and N, and UV-Vis spectral parameters of WEOM fractions from soil samples taken from each treatment in two-year interval from 2000 to 2012, the numbers are annual average (standard deviation) values. 
UV-Vis Spectral Features and Parameters of Soil WEOM after Long-Term PL Application
The UV-vis spectra of the representative WEOM samples from cultivated ( Figure   3 ) and pasture ( Figure 4 ) soils were quite similar. In general, the spectral features were quite similar or even identical in shape between the two land-use types. In other words, the general feature of these spectra is a monotonically de- [36] . Due to the relatively simple features of UV-vis spectra, more specific UV-vis parameters were calculated to evaluate quantitatively the impact of PL application on the soil WEOM properties (Table 2) .
SUVA 254 and SUVA 280 are two parameters used to assess the aromaticity, hydrophobic content, and molecular size of WEOM [12] [13] . As observed previously [31] , the trends of changes in the two sets of data were similar, even this study was an indication of the low aromaticity of these Texas soil samples, as proposed in earlier studies [35] [36]. In the cultivated fields, the spectral parameters of the soil WEOM from high PL application rate was still quite close to the soil that received only inorganic fertilizer application, indicating that cultivation might be a major variable that controls the spectral property of soil WEOM.
Comparison of the cultivated field with high PL rate (Y8) and inorganic fertilizer (Y6) to native grassland (SW12) showed that both cultivated fields had higher SUVA 254 and SUVA 280 than native grassland, suggesting their high aromaticity and low decomposability. Even the concentrations of soil WEOC and WEON were higher in Y8 (high PL application rate) than that in Y6 (inorganic fertilizer). The finding of larger amounts of aromatic-type WEOM in both Y8 and Y6 indicated that fertilizer form or rate did not impact WEOM spectral features, but this property was more influenced by cultivation. He et al. [31] reported that crop rotation increased, but irrigation decreased, the values of both SUVA parameters. Thus, the SUVA values were probably effected mainly by the inherent aromaticity of indigenous plant-derived structure [31] [37].
The spectral ratio of E2/E3 tended to be higher for PL treated soils as compared to the soil only received inorganic fertilizers ( Table 2 ). The E4/E6 ratios were higher for soils with PL application as compared to the soil with inorganic fertilizers. The soil in grazed field (SW17) had a lower ratio of E2/E3, indicating that soil WEOM from grazed pasture is well decomposed and condensed. High stability of WEOM in grazed pasture was also reflected by the lower ratios of E4/E6 from these soils. Higher E2/E3 and E4/E6 ratios indicate existence of decomposable organic compounds [11] . Hunt et al. [38] reported the E2/E3 ratio of the WEOM fractions of fresh poultry manure as 64.0 and 6.7 for its hydrophilic and hydrophobic fractions, respectively. After decomposition, the E2/E3 ratios of the two fractions changed to 6.0 and 4.7, respectively, indicating the dominance and rapid degradation of the hydrophilic compounds in poultry manure. E4/E6 ratios have been measured in three wavelength ranges. In addition of the two measurements at the wavelength of 400 nm over 600 nm, and 465 nm over 465 nm reported in Table 2 , it is also measured 472 nm over 664 nm [24] [39]. Selection of higher wavelengths seemed to result in lower E4/E6 values (Table 2) ; thus, it is important to note the specific wavelengths used for sophisticated comparison of the quantitative E4/E6 data in literature. He et al. [31] reported no statistically significant (p > 0.05) correlation coefficients between E4/E6 and SUVA 254 or SUVA 280 in the WEOM fraction of their Maine soil samples, suggesting that E4/E6 is an independent parameter. On the other hand, Osborne et al. [40] and Silveira et al. [41] reported unsuccessful efforts at predicting and characterizing plant little-related WEOM with E4/E6 ratio measured at 465 nm over 665 nm. In this study, E4/E6 values could not be used to assess the impact of specific treatments. However, a general conclusion can be made from the E4/E56 data: PL application increased decomposable hydrophilic OM fractions and that grazing enhanced cycling soluble OM in the soil.
Fluorescence Spectroscopic Features
The fluorescence EEM spectra of four representative samples are presented in Figure 5 . The spectra of Y6 and Y14 appeared similar to each other. The visual "peak-picking" could identify two EEM peaks: a strong peak around Ex 240 nm and Em 440 nm and a weak peak around Ex 275 nm and Em 330 nm. The weak peak became much stronger in Y10 and W12 WEOM samples, so that the EEM spectra of the two WEOM samples were more similar to each other than to those of Y6 and Y14, highlighted because these fields have drastically different management. In the spectra of Y10 and W12, the excitation wavelength of the humic-like peak up-shifted to 250 to 260 nm. In the meantime, a weak third peak appeared around Ex 320 nm and Em 430 nm. These observations suggested there were some differences in fluorescence characteristics in these WEOM 
Fluorescence Parameters
Four fluorescence parameters were calculated from the EEM spectral data for further comparison of the impact of management practices on soil WEOM ( Figure 7) . [50] reported the HIX range from 4 to 16. Zhao et al. [20] reported the value has a wider range from >36 to <3. In the current study, the HIX ranged from 1. practices was indicated. The high standard deviations suggested that the humification varied year by year. These HIX values clearly indicated that PL application lowered the humified WEOM fractions in these cultivated soils. In contrast, no trend was observed on the degree of humification of WEOM in the pasture soils. It is reported that cropping rotation and compost application greatly lower the HIX values in WEOM samples from potato soils [12] [31].
Whereas HIX is a useful indicator for the WEOM quality, Cuss et al. [23] [51] cautioned that large amounts of proteins and polyphenols may interfere the accuracy of HIX values as the fluorescence of protein-and polyphenol-like components was close to the lower region of HIX (i.e., Em 300 -345 nm). In other words, a decrease in protein-and polyphenol-like components (i.e., PLF) alone would result in decreasing the lower region of HIX with increasing the HIX value, which may be mistakenly interpreted as increasing humification or aromaticity. Thus, we also calculated PLF and found the values very low (<0.04) ( Figure 7 ). This observation was consistent with very low WEON levels in these WEOM samples (Figure 2 ). The lower PLF values suggested the interference of PLF on HIX was minimal. BIX is referred as an indicator of the presence of autochthonous biological activity [23] [34], BIX has also been called a "freshness indicator" [18] . A high BIX (>1) is attributed to a predominantly autochthonous origin of WEOM and to the presence of OM freshly released into water, whereas a low BIX indicates lower autochthonous WEOM production. In addition, decomposition of the autoch- [31] and in organic farming and agroforestry soils (around 0.76) [18] . This observation suggested that the WEOM pool in these soil samples were contributed mainly from decomposed plant residues and little WEOM was derived from the fresh active crop root and indigenous microbial exudates. The impact of PL application on the BIX values was not clear and consistent, probably reflecting the high degree of dynamics of the fresh WEOM input from poultry litter.
Conclusion
Positive relationships existed with PL application rate and soil NO 3 -N and soil WEOC concentrations. A sharp increase in soil WEON was observed when PL application rate was >9 Mg·ha −1 . Beyond this threshold, soil C:N ratios decreased, indicating the accumulation of organic N in soil that was not used by growing crops. Grazing management lowered soil WEON. Analysis of UV-Vis and fluorescence spectral properties indicated that the WEOM from these soils were mainly composed of humic-and fulvic-like components and contributed from old plant residues. PL application increased the proportion of decomposable fulvic-like OM in the cultivated soils. However, a similar increase was not observed in pasture soils where the content of humic-like portion was still greater than that of fulvic-like portions in the PL-applied pasture soils.
